Introduction
The optimal treatment of acute myeloid leukemia (AML) in younger adults remains to be defined. A recent trend in leukemia treatment has been the use of increasingly myelotoxic induction and postremission therapy; however, optimal doses and schedulings remain uncertain. Long-term analysis of the Acute Leukemia French Association (ALFA)-9000 trial was recently published. 1 In this trial, the best results were observed in younger adults who received one course of timed-sequential chemotherapy (TSC), consisting of 2 sequences of chemotherapy separated by a 4-day interval-free as induction therapy, followed by another course of TSC as consolidation. The rationale was based on the observation that, after initial intensive therapy, leukemic cells can be recruited synchronously into the cell cycle and may then be more susceptible to killing by cytotoxic agents. During the same period of time, the Cancer and Leukemia Group B (CALGB) conducted a study to evaluate the role of high-dose cytarabine (HDAraC) as consolidation treatment after successful induction treatment with daunorubicin and conventional-dose cytarabine. 2 This study demonstrated a benefit for cytarabine dose escalation in consolidation for younger adults. Later, this beneficial effect was restricted to patients with core binding factor (CBF) AML [3] [4] [5] and, to a lesser extent, to patients with cytogenetically normal AML (CN-AML). 6 Determining the best consolidation chemotherapy remains an important concern in the treatment of younger adults with AML, particularly for patients with intermediate or unfavorable cytogenetics for whom no identical donor can be identified before postremission therapy. One issue is whether intensive TSC is more effective than successive cycles of consolidation containing HDAraC. To clarify this question, the ALFA Group conducted a study in which all newly diagnosed younger adult AML patients received identical induction consisting of a TSC with daunorubicin, mitoxantrone, and cytarabine. After achieving complete remission (CR), patients having no allogeneic stem cell transplantation (SCT) requirement or possibility were then randomized to receive either a second course of TSC (ALFA-9000-like) or 4 courses of HDAraC followed by maintenance therapy (CALGB-like).
Methods

Patients
The ALFA-9802 trial was conducted in 16 French centers between April 1999 and October 2006. Eligibility criteria included: a diagnosis of de novo AML (except for cases of acute promyelocytic leukemia), an age of between 15 and 50 years inclusive, and an absence of irreversible major organ failure (World Health Organization [WHO] grade Ն 3). 7 Diagnosis was morphologically proven according to the French-American-British classification. [8] [9] [10] The study protocol was approved by the Human Ethics Committee of each participating institution before the start of enrollment at each center and was conducted in accordance with the Declaration of Helsinki. All patients gave written informed consent before registration on the study. This trial was registered at www.clinicaltrials.gov as #NCT00880243.
Treatment design
All patients received induction chemotherapy consisting of a TSC that includes a first sequence combining daunorubicin (80 mg/m 2 per day intravenously on days 1-3) and cytarabine (500 mg/m 2 per day continuous intravenous infusion over the same period). The second sequence, administered after a 4-day free interval, consisted of mitoxantrone (12 mg/m 2 per day, intravenously on days 8 and 9) and cytarabine (500 mg/m 2 per 12-hour bolus intravenous infusion on days 8-10). The initial 259 patients registered on the study were included in the granulocyte-macrophage colonystimulating factor (GM-CSF) trial and randomized at registration to receive GM-CSF or no GM-CSF during chemotherapy, as previously reported. 11 All subsequent registered patients did not receive hematopoietic growth factors. A mandatory bone marrow aspirate was performed at the time of bone marrow recovery or at day 35 after the start of chemotherapy to assess response. Complete remission was defined by the Standard National Cancer Institute. 12 If residual leukemia was present, a second cycle of induction therapy was permitted, depending on the medical condition of the patient. This salvage chemotherapy consisted of cytarabine (3 g/m 2 per 12 hours intravenously on days 1, 3, 5, and 7) and amsacrine (100 mg/m 2 per day intravenously on days 1-3). Patients failing to achieve a CR after salvage therapy were taken off study. Allogeneic SCT was performed after CR achievement if a suitable donor was available in the presence of at least one risk factor: initial leukocytosis more than 100 ϫ 10 9 /L (except for patients with chromosome 16 abnormality), unfavorable cytogenetics, intermediate cytogenetics in patients 35 years of age or younger, absence of response to initial induction chemotherapy, presence of one mixed-lineage leukemia (MLL) gene translocation, and fms-like tyrosine kinase-3 internal duplications (FLT3-ITD; after October 2002). The other patients achieving CR were randomly assigned to consolidation courses consisting of either a TSC (P2 arm) or CALGB-like postremission chemotherapy (P1 arm). TSC (P2 arm) was similar to that of the ALFA-9000 trial in which the first sequence combines mitoxantrone (12 mg/m 2 per day on days 1-3) and cytarabine (500 mg/m 2 per day continuous intravenous infusion over the same period), and the second sequence combines etoposide (200 mg/m 2 per day intravenously on days 8-10) and cytarabine (500 mg/m 2 per day continuous intravenous infusion on days 8-10). 1 In contrast, CALGB-like postremission chemotherapy (P1 arm) included 4 cycles of HDAraC (cytarabine, 3 g/m 2 per 12 hours intravenously on days 1, 3, and 5) followed by 4 additional maintenance courses (daunorubicin, 45 mg/m 2 intravenously on day 1, and cytarabine, 100 mg/m 2 per 12 hours subcutaneously on days 1-5) 2 ( Figure 1 ). Because of several reports showing an improved outcome with regimens that include HDAraC, 3, 4 patients with t(8;21) were retrieved from the second randomization after November 2000 and systematically received the CALGB-like consolidation treatment.
Risk classification
Cytogenetic studies on pretreatment bone marrow samples were performed at diagnosis using standard banding techniques and classification according to the International System of Human Cytogenetic Nomenclature. 13 14 No cytogenetic data were available from 40 patients (not performed in 8 cases and failure in 33 cases).
Response criteria
Response was evaluated at the time of cell recovery and confirmed again just before the onset of the first consolidation course. Standard National Cancer Institute criteria were used to define CR. 12 Patients alive after induction or induction and salvage, but not reaching CR criteria, were considered as patients with resistant disease. Induction deaths were defined as deaths occurring between the onset of induction chemotherapy and evaluation of induction or induction/salvage chemotherapy.
Statistical analysis
For the whole cohort, event-free survival (EFS) was calculated from the date of registration, with CR achievement failures, deaths during induction or in first CR, and relapses included as events. EFS after consolidation randomization was calculated from the date of randomization, with deaths and relapses included as events. Overall survival (OS) after consolidation randomization was calculated from the date of randomization to the date of death of any cause. The data were censored at the earlier of the date of last contact and the date of closeout when applicable. The primary end point was EFS. Tolerance and OS defined secondary endpoints. A third objective was to assess the relationship between risk classification and outcome.
Toxicity and adverse events were classified according to the WHO criteria. 7 Time to recovery from cytopenia was defined as the number of days from the first day that leukocytes, granulocytes, and platelets were Ͻ 1 ϫ 10 9 /L, Ͻ 0.5 ϫ 10 9 /L, and Ͻ 50 ϫ 10 9 /L (or Ͻ 100 ϫ 10 9 /L) until cell recovery, respectively, for 2 consecutive days. Assessment of comparability of characteristics for the randomized groups was evaluated by the Pearson 2 test and the Wilcoxon rank-sum test for categoric and continuous variables, respectively. All tests were 2-sided with statistical significance set at .05. Statistical analyses were performed on an intentionto-treat basis. Relapse was defined as a recurrence of leukemia after a first CR. EFS and OS distributions were estimated by the method of Kaplan and Meier. All comparisons were performed by the log-rank test. The Cox proportional hazards model was used to obtain the estimate and the 95% confidence interval (CI) of the hazard ratio of one category versus another. Analyses used a disjunctive coding allowing a one-to-one comparison with an a priori defined reference category. The Wald test has been used to determine the prognostic significance. The Mantel-Haenszel test for trend and 2 tests were used to test for differences in cytogenetic and risk groups data by consolidation arm. Interaction test between the first randomization (GM-CSF trial), 11 and the consolidation randomization was introduced into the Cox model for testing a difference of effect of postremission therapy in the GM-CSF group and the no GM-CSF group for the initial 259 patients registered in the study. All computations were made using the BMDP software (BMDP Statistical Software).
Results
A total of 473 patients entered the study. Six patients were withdrawn (2 patients with past history of cancer, 1 patient with chronic myeloid leukemia in blastic phase, 2 patients retrieved their consent, and 1 patient treated according to another schedule because of physician decision). Data from 8 patients were not received or incomplete at time of analysis. Thus, we report on 459 eligible patients. Surviving patients were censored on mid-2009. Patients lost to follow-up were censored at the date they were last known to be alive. Median follow-up of the entire cohort was 5 years (95% CI, 4.7-5.2 years).
Overall results
CR was achieved in 408 of the 459 eligible patients (89%; 95% CI, 86%-92%), with 380 receiving one induction course and 28 requiring salvage therapy. Twenty-three patients died (5%) during induction course and 2 during salvage therapy. Twenty-six patients (6%) had persistent leukemia, 16 of whom were taken off study after one course of induction and 10 after 2 courses. The median EFS and OS for the 459 adults were 16.2 months (95% CI, 14.6-20.8 months) and 41.9 months (95% CI, 30.7-67.4 months) with 5-year EFS and OS of 38% ( Figure 2A ) and 46%, respectively. The risk classification described in "Risk classification" was confirmed ( Figure 2B ).
Outcome of consolidation therapy
Of the 408 patients achieving CR, 237 patients (58%) were randomized to consolidation: 120 received a TSC (P2 arm) similar to that of the ALFA-9000 trial, and 117 received a CALGB-like postremission chemotherapy (P1 arm), including 4 cycles of HDAraC (Figure 1) . Seventy-one patients with a human leukocyte antigen-identical sibling donor identified during induction therapy were not eligible for randomization and received allogeneic SCT. Reasons the remaining 100 potentially eligible patients who achieved CR were not randomized include: toxicity of induction or salvage therapy (39 patients), early relapse (7 patients), investigator decision (22 patients), patient's refusal (8 patients), and systematic assignment to the HDAraC consolidation schedule for patients with t(8;21) AML after November 2000 (24 patients). Despite randomization inclusion criteria, 29 patients, who were randomized to consolidation (11 in the P2 arm and 17 in the P1 arm, representing 11% of the randomized cohort) and for whom an identical donor was later identified, were subsequently allografted (by local investigator decision) but kept in the intention-to-treatbased analysis (Figure 1) .
The remainder of the report will be based on the 237 eligible randomized patients.
On-study patient details are shown in Table 1 . The median time to commencement of consolidation therapy was 57 days after commencement of induction therapy for P1 arm (range, 39-112 days) and 53 days for P2 arm (range, 34-146 days). Evolution after randomization is summarized in Figure 1 . By the time of study closeout, 124 patients had relapsed (52%; 60 in the P1 arm and 64 in the P2 arm with median time to relapse of 10.7 months and 9.9 months, respectively) and 25 patients had died in CR (11 in the P1 arm and 14 in the P2 arm). The median EFS was 23.3 months (95% CI, 15.7-45 months) for the P1 arm and 13.7 months (95% CI, 11.3-22.5 months) for the P2 arm with 5-year EFS of 42% and 35%, respectively (P ϭ .24; Figure 3 ). The median OS was 62.9 months for the P1 arm and 55.6 months for the P2 arm with 5-year OS of 50% and 48%, respectively (P ϭ .82). Overall, there was no significant difference between the 2 consolidation arms in terms of cumulative incidence of relapse and treatment-related mortality. Interaction with the GM-CSF trial for the previous comparisons was not significant, indicating a similar effect for GM-CSF and no GM-CSF subgroups.
Toxicity of consolidation therapy
Detailed information on the toxicity of consolidation chemotherapy arms is given in Table 2 . P2 arm (TSC) was more toxic than P1 arm (HDAraC). Intensive P2 arm appeared less well tolerated than P1 arm cycles with respect of nonhematologic toxicities. P2 arm was associated with significant increases for severe diarrhea (WHO grade Ն 3; 24% for TSC vs 3% maximum for HDAraC cycles), severe nausea/vomiting (26% vs 5% maximum), and mucositis (26% vs 3% maximum). Severe infections (WHO grade Ն 3) were also more frequent for patients receiving the P2 arm (39% vs 19% maximum). In addition, severe cardiac and/or pulmonary side effects were essentially observed in the P2 arm.
Regarding hematologic toxicity, the median duration of neutropenia Ͻ 0.5 ϫ 10 9 /L was 37 days for patients receiving P2 arm and did not exceed 15 days at each course for patients receiving the P1 arm consolidation cycles. Similarly, platelet count recovery to 50 ϫ 10 9 /L was 47 days with the P2 arm compared with 24 days for each P1 arm cycles. However, patients following the P1 arm received more transfusions overall than those following the P2 arm because of cycle repetition.
Results according to risk stratification
Among patients after consolidation randomization, 71 patients were stratified to the favorable-risk group (including 31 patients with CBF leukemias and 40 patients with favorable intermediaterisk AML), and 146 to the poor-risk group (103 patients with poor intermediate-risk AML and 43 patients with unfavorable cytogenetics). Twenty patients remained unclassified because of unknown cytogenetics (2 not performed; 18 failures). Results are given in Table 3 . Both groups showed better results for the P1 arm compared with the P2 arm: In the favorable-risk group, the 5-year EFS was 67% and 50% for the P1 arm and the P2 arm, respectively (P ϭ .1); however, in the poor-risk group, the 5-year EFS was 31% and 21% for the P1 arm and the P2 arm, respectively (P ϭ .13).
No significant differences were noted between the 2 arms in patients with favorable cytogenetics and in those with unfavorable cytogenetics. A significant advantage of HDAraC over TSC was only observed among patients with intermediate cytogenetics with median EFS at 31.4 months and 5-year EFS of 49% in the P1 arm versus median EFS at 13.4 months and 5-year EFS of 29% in the P2 arm (P ϭ .02; Figure 4A ). This was mainly the result of a benefit of HDAraC consolidations in patients with CN-AML ( Figure 4B ), which involve patients from the favorable intermediate-risk group and those from the poor intermediate-risk group. In patients with CN-AML, the median EFS was 29.6 months with 5-year EFS of 48% in the P1 arm versus 13.7 months and 31% in the P2 arm (P ϭ .04). In both cases (intermediate cytogenetics and CN-AML), the advantage for HDAraC was related to lower relapse incidence (P ϭ .02 and P ϭ .01, respectively) and lower treatment-related mortality (P ϭ .02 and P ϭ .01, respectively). Although there were few patients in each arm (12 in P1 and 7 in P2), HDAraC appeared significantly better than TSC for patients with MLL abnormalities (P ϭ .03; Table 3 ).
Discussion
Relapse prevention may be achieved by optimizing postremission therapy. This randomized study was designed to test the hypothesis that intensive TSC can produce greater leukemic cytoreduction and therefore superior long-term EFS than sequential cycles of HDAraC. The rationale for the study was based on previously published observations from our group showing TSC as an efficient consolidation therapy after a first TSC as induction treatment. 1 We therefore assessed whether consolidation TSC improves the longterm outcome of younger adults with AML compared with sequential courses of chemotherapy containing HDAraC, which showed a significant benefit for consolidation chemotherapy compared with conventional-dose treatment. 2 After publication of the CALGB 8525 treatment trial, repetitive cycles of HDAraC became the preferential postinduction chemotherapy for patients not receiving SCT. 2 The Southwest Oncology Group 8601 study also suggested that inclusion of HDAraC in both induction and consolidation phases gave the best long-term outcome. 15 Overall, induction and survival results in our trial compared favorably with those obtained in patients of comparable age who were treated with standard-dose regimens. 16, 17 CR proportion was 89% and the overall long-term EFS was 38% but ranged from 62% for the favorable-risk group to 23% for the poor-risk group. Actually, the major finding of the present study is that no significant difference exists in terms of outcome, as measured by EFS after consolidation randomization, between the 2 groups receiving either cycles of HDAraC or TSC. This confirms a previous publication showing no differences between 4 courses of standard-dose chemotherapy versus 3 courses of HDAraC in postremission therapy in adult AML. 18 However, there was a trend indicating better results with HDAraC, and several factors support the use of repeated sequences of HDAraC as consolidation.
First, HDAraC consolidations were preferential in terms of treatment-related toxicity. The major toxicity encountered in the present study was hematologic toxicity. Despite the repetition of consolidation courses in the arm with HDAraC, toxicity was more acceptable in this arm than the arm with only one course of TSC. Myelosuppression was much deeper after TSC than after each cycle of HDAraC. After HDAraC, however, myelosuppression was longer than that observed in the previously published report by the CALGB. 2 Although the difference did not translate into a significantly higher treatment-related death rate, consolidation with TSC was significantly marked by a higher frequency of severe infections and digestive tract complications.
Second, HDAraC consolidations were preferential in terms of treatment outcome. Cytogenetic and molecular changes in leukemic cells at diagnosis remain one of the most powerful prognostic factors for predicting outcome in AML. 19 It appears therefore essential to compare consolidation treatments according to these factors. Although analysis of our data, taking into account prognostic risk groups based on those markers, only showed a trend in favor of repetitive courses with HDAraC, the difference between the 2 randomization arms became significant when considering intermediate-risk cytogenetics and CN-AML in particular. This confirms results previously published by the CALGB showing that certain subsets of patients benefit from this therapy more than others. Indeed, several studies have shown that both t(8;21) and inv (16) sensitize AML blasts to HDAraC given as consolidation therapy. [3] [4] [5] Although there was a trend, the superiority of HDAraC over TSC was not demonstrated for CBF-AML by a significant P value in our study. This can be explained by the overall good prognosis of this type of leukemias and by the small number of CBF-AML patients in each arm. Our results are also not in accordance with those of the Japanese group, which showed a beneficial effect of HDAraC courses on disease-free survival essentially in CBF-AML. 18 In the CALGB study, the higher postremission cytarabine dose was associated with a 
Clinical presentation
Hepatomegaly, % 8 (7) 6 (5) Splenomegaly, % 11 (9) 11 (9) CNS ϩ , % 0 (0) 2 (2) Bleeding, % 32 (27) 27 (23) Fever, % 38 (32) 42 (35) FAB classification
M1, % 18 (15) 30 (25) M2, % 34 (29) 28 (23) M4, % 23 (20) 30 (25) M5, % 28 (24) 17 (14) M6, % 4 (3) 1 (1)
Not performed, % 6 (5) For personal use only. on July 23, 2017. by guest www.bloodjournal.org From better 5-year continuous CR (3 g/m 2 , 42%; 400 mg/m 2 , 33%; 100 mg/m 2 , 17%; P Ͻ .001) not only in CBF AML, but also in CN-AML. 3, 6 Approximately 40% of adult patients with AML have normal cytogenetics at diagnosis. Several studies have shown that CN-AML patients have an intermediate outcome. Differences in intensity of postremission therapy can significantly affect outcome in CN-AML. It has been previously suggested that CN-AML patients also exhibit an improved outcome with the use of HDAraC after remission. 6 However, a limitation of this study is the lack of molecular subtyping. CN-AML is molecularly heterogeneous. 20 Mutations in the CEBPA gene have been AST indicates aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, ␥-glutamyltransferase; WBCs, white blood cells; ANC, absolute neutrophil count; and RBC, red blood cells.
*One patient presented pancreatitis and 3 patients a severe cerebellar syndrome.
described in approximately 10% of AML patients and are associated with a good prognosis; in particular, those with CN-AML lacking an internal tandem duplication in the fms-like tyrosine kinase-3 gene (FLT3-ITD). 21 NPM1 mutations, also thought to be early events in leukemogenesis, have a similar outcome with or without CEBPA mutation in CN-AML. Conversely, the genotype "mutated NPM1 without FLT3-ITD" represents a favorable prognostic marker with survival data very similar to that of CN-AML patients with mutated CEBPA without FLT3-ITD. 22 The different outcomes predicted by these specific molecular abnormalities were confirmed in our study. [23] [24] [25] [26] [27] A recent study also provided evidence that patients with CN-AML with mutated NPM1 without FLT3-ITD may also not benefit from allogeneic SCT. 20 In our study, the outcome of CN-AML NPM1 ϩ or CEBPA ϩ wt FLT3-ITD, referred to as favorable intermediate-risk, was similar to that reported for CBF leukemias, which confirms the absence of indication for allogeneic SCT in frontline therapy. At present, it is unknown whether other genetic alterations also influence response of AML patients to treatment with HDAraC. Overall, patients with adverse risk cytogenetics fared equally worse with cycles of HDAraC compared with consolidation with TSC, indicating that radically therapeutic approaches will be necessary to improve the outcome of these patients. A recent study also provided evidence that patients with primary AML harboring RAS mutations treated with HDAraC as postremission therapy were significantly less likely to experience relapse than patients treated with lower doses of cytarabine. 28 Although our series was small, patients with MLL abnormalities tended to benefit more from HDAraC repeated cycles of consolidation than from one course of TSC. For most patients with unfavorable cytogenetics, outcome remains dismal with conventional consolidation chemotherapy. 19, 29 However, this is still the case, even when using repetitive courses of HDAraC. 3 An allogeneic SCT from either matched related or unrelated donors is currently considered the treatment of choice for those patients as recommended by single studies 24, 30 or meta-analyses. 25, 31 Repetitive use of HDAraC-based postremission chemotherapy may be one of the main explanations for the superior outcome compared with TSC. However, several questions remain open, including the number of cycles, the most appropriate dose and schedule, and the role of combining HDAraC with other agents. Four cycles of HDAraC have been shown to be superior to 4 courses of intermediate-or standarddose. 2 The use of prolonged intensive consolidation 32 or of multiagent chemotherapy does not appear to be superior to HDAraC alone. 33, 34 It remains uncertain as to whether receiving more than 2 or 3 cycles of HDAraC is necessary. For CBF-AML, retrospective studies by CALGB suggest that 3 or more cycles are superior to only one cycle. 4, 5 The 4 monthly maintenance courses were administered according the initial therapeutic schedule from the CALGB. 2 However, they were given up because of a low compliance in the present trial (only 66% of the patients who received the 4 consolidation courses received a full maintenance therapy) and, as previously reported, 2 the lack of clues regarding their efficacy. In our ongoing ALFA-0702 trial, we are raising the issue of whether the combination of clofarabine with intermediatedose cytarabine (CLARA), which gave promising responses in high-risk AML patients, 35 might be superior to "standard" HDAraC consolidations in first-line therapy in this patient population.
In conclusion, this study demonstrates that TSC did not bring any benefit when used as consolidation therapy in younger adult compared with HDAraC. A clear benefit of HDAraC is present, even in patients with intermediate-risk cytogenetics, especially those with CN-AML. Furthermore, toxicity related to the repetition of cycles is acceptable and manageable. Multiple cycles of For personal use only. on July 23, 2017. by guest www.bloodjournal.org From
